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(54) Substrate holder and reaction apparatus. 

(57) The present invention relates to a reaction 
apparatus using reaction gas and heating a 
substrate so as to form a film such as an 
insulating film or perform etching, and has for 
its object to provide a reaction apparatus cap- 
able of educing power consumption for heating 
the substrate and changing a substrate tem- 
perature in a short period of time, and also 
preventing a decline of a throughput and reduc- 
ing labor and cost for maintenance. The present 
apparatus is provided with a substrate holder 12 
in which an electrode 22 for attracting electros- 
tatically a substrate 20 and heating means 23 for 
heating the held substrate 20 are formed in a 
common base substance 21, in a processing 
portion 7 partitioned from the outside by means 
of a chamber 7a and processing the substrate 
20 with processing gas. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a substrate hold- 
er and a reaction apparatus, and more specifically to 
a reaction apparatus for forming a film or etching the 
same that forms an insulating film or the like by using 
reaction gas and heating a substrate or performs 
etching, and a substrate holder for holding a substrate 
to be processed. 

2. Description of the Prior Art 

ACVD apparatus is a useful apparatus informing 
a Si0 2 film, a PSG film, a BSG film, a BPSG film, a 
Si 3 N 4 film, an amorphous Si film, a polycrystalline Si 
film, a W film, a Mo film, a WSi 2 film, a MoSi 2 film, an 
A£ film or the like in manufacture of a semiconductor 
device. 

When conventional CVD apparatus are classi- 
fied by means for activating reaction gas, principal 
apparatus include: 

CD thermal CVD apparatus, 

@ light-assisted CVD apparatus, and 

® plasma-assisted CVD apparatus. 

The thermal CVD apparatus has heating means 
for supplying heat energy to reaction gas so as to ac- 
tivate the reaction gas by heating the reaction gas, 
and is classified into a low pressure type and a nor- 
mal pressure type depending on the pressure em- 
ployed. Further, the apparatus is classified into a low 
temperature type and a high temperature type de- 
pending on the substrate temperature, and further- 
more, is classified into a resistance heating type, an 
induction heating type and a lamp heating type de- 
pending on the heating means. Further, it is classified 
into a hot wail type and a cold wall type depending on 
the location of installing the heating means. 

Further, the light-assisted CVD apparatus in- 
cludes light irradiation means for supplying energy to 
reaction gas so as to activate the reaction gas by ir- 
radiating the reaction gas with ultraviolet rays, and is 
able to form a film under low pressure or high pres- 
sure and at a low temperature. 

Furthermore, the plasma-assisted CVD appara- 
tus uses plasma generating means for activating re- 
action gas directly or indirectly using AC power or a 
magnetic field, and the plasma is generated under 
low pressure and at a low temperature in general. The 
plasma-assisted CVD apparatus is classified, de- 
pending on plasma generating means, into a parallel 
plate type for activating reaction gas directly by radi- 
ation of high-frequency power and an ECR type for 
supplying energy to electrons by high-frequency pow- 
er and a magnetic field and activating reaction gas in- 
directly with these electrons. 

Further, an etching apparatus, in particular a dry 



etching apparatus is a useful apparatus for manufac- 
turing a semiconductor device in case of precise etch- 
ing of a Si0 2 film, a PSG film, a BSG film, a BPSG 
film, a Si 3 N 4 film, an amorphous Si film, a polycrys- 
5 talline Si film, a Wfilm, a Mof ilm, a WSi 2 film, a MoSi 2 
film, an A? film or the like, and is classified in an al- 
most similar manner as the CVD apparatus described 
above. 

In the CVD apparatus and the etching apparatus 

10 described above, a substrate holder for fixing a sub- 
strate to be processed is provided with a mechanical 
chuck, a vacuum chuck or an electrostatic chuck. 

Further, since only a substrate and the peripheral 
portion are heated in a cold wall type in particular of 

15 the apparatus for manufacturing a semiconductor de- 
vice described above, there is such an advantage that 
the reaction occurs in the peripheral portion, thus pre- 
venting reaction products from adhering to an inner 
wall of a reaction chamber. The heating means is pro- 

20 vided below the substrate holder through an RF elec- 
trode or the like. 

In the case of the cold wall type, however, the 
substrate on the substrate holder is heated through 
an RF electrode or the like. Thus, although there is an 

25 advantage that large thermal capacity of the RF elec- 
trode or the like resists fluctuation of the substrate 
temperature once held, large electric power is con- 
sumed for heating the substrate. Further, when it is 
desired to change the substrate temperature, the 

30 above substrate holder cannot cope with the require- 
ment in a short period of time and requires a long time 
until the substrate temperature is stabilized at the 
temperature to reach. 

Furthermore, since reaction products are pro- 

35 duced more or less in the apparatus for forming a film 
and the etching apparatus described above, they ad- 
here to the inner wall of the reaction chamber and 
cause to generate particles or the like. Accordingly, it 
is required to remove these reaction products period- 

40 ically. As a result, the throughput is decreased and a 
great amount of labor and cost are required. 

SUMMARY OF THE INVENTION 

45 It is an object of the present invention to provide 

a substrate holder and a reaction apparatus capable 
of reducing power consumption for heating a sub- 
strate, changing a substrate temperature in a short 
period of time, preventing a lowering of the through- 

so put, and reducing labor and cost for maintenance. 

In a substrate holder according to the present in- 
vention, an electrode of an electrostatic chuck and 
heating means are formed on a common base sub- 
stance. Therefore, only the base substance of the 

55 substrate holder or the electrode of the electrostatic 
chuck lie between the held substrate and the heating 
means. Since the thermal capacity of the base sub- 
stance of the substrate holder or the electrode of the 
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electrostatic chuck is small, it is possible to reduce 
power consumption for heating the substrate, and 
further to change and stabilize the substrate temper- 
ature in a short period of time. 

Further, a use of an electrostatic chuck for fixing 
the substrate is possible to use the substrate holder 
even in a reduced pressure, unlike the vacuum chuck. 
Furthermore, in a mechanical chuck, the substrate is 
damaged when the substrate is fixed by something 
like a clip or holding marks are left on the substrate 
surface, while a use of an electrostatic chuck can pre- 
vented it Further, mounting and demounting of the 
substrate can be made more easily as compared with 
the mechanical chuck. 

According to a reaction apparatus of the present 
invention, the above-mentioned substrate holder is 
provided. Therefore, it is possible to process the sub- 
strate in a reduced pressure, and mounting and de- 
mounting of the substrate can be made easily. Fur- 
ther, it is possible to aim at power saving and improve- 
ment of the throughput. 

Further, the processing portion has a double 
structure composed of a chamber and a protective 
wall, and it is possible to remove the protective wall 
apart from the chamber, and to alternatively set new 
one as occasion demands. 

Accordingly, when reaction products adhere to 
the inner wall of the protective wall, the inside of the 
processing portion is brought back to the atmospheric 
pressure, and the protective wall is taken out there- 
after by moving the chamber upward and so on by ele- 
vating means such as a lift. The taken-out protective 
wall is cleaned so as to remove reaction products that 
have adhered to the inner wall of the protective wall. 
Furthermore, it is possible to continue processing in 
the processing portion during cleaning of the protec- 
tive wall mentioned previously by setting another pro- 
tective wall in place of the taken-out protective wall. 

Further, it is possible to enlarge the contact area 
of the reaction products with the protective wall due 
to the fact that unevenness is formed on the surface 
of the protective wall so as to increase the adhesive 
power, thereby to prevent the reaction products that 
adhere to the protective wall during the period until re- 
placement from peeling off. 

Furthermore, it is possible to move the substrate 
holder up and down so as to maintain an appropriate 
space between a gas introductory implement instal- 
led above the substrate and the substrate by separat- 
ing the protective wall into an upper protective wall 
and a lower protective wall and making it possible to 
move them up and down, respectively. 

With this, it is not required to suspend the appa- 
ratus for a long period of time for cleaning the inside 
of the processing portion, thus making it possible to 
aim at the improvement of the throughput and to re- 
duce labor and cost required for maintenance. 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A Is a side view showing the whole struc- 
ture of a CVD apparatus using plasma in a heli- 
5 con mode according to an embodiment of the 

present invention; 

FIG. 1B is a sectional view of a protective wall of 
a CVD apparatus using plasma in a helicon mode 
according to an embodiment of the present inven- 

10 tion; 

FIG. 2 is a perspective view showing a detailed 
structure of an external antenna in a CVD appa- 
ratus using plasma in a helicon mode according 
to an embodiment of the present invention; 

15 FIG. 3A is a sectional view showing details ofa 

wafer holder according to an embodiment of the 
present invention; 

FIG. 3B is a sectional view showing details of an- 
other wafer holder according to an embodiment of 

20 the present invention; 

FIG. 4 is a side view showing a detailed structure 
of an elevating mechanism of a chamber lift and 
a wafer holder according to an embodiment of the 
present invention; 

25 FIG. 5 is a side view showing how to remove a 

protective wall according to an embodiment of the 
present invention; and 

FIG. 6 is a sectional view showing a protective 
wall according to another embodiment of the 
30 present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

35 Next, an embodiment of the present invention will 

be described with reference to the drawings. 

(1) Description of a reaction apparatus according to 
an embodiment of the present invention 

40 

(A) Description of a CVD apparatus according to an 
embodiment of the present invention 

FIG. 1A is a side view showing the whole struc- 
45 ture of a CVD apparatus according to an embodiment 
of the present invention. A CVD apparatus using plas- 
ma in a helicon mode is illustrated in the present em- 
bodiment. 

In FIG. 1A, a reference numeral 1 represents a 
so plasma generating portion partitioned from the out- 
side with quartz having a cylindrical form 1 5 cm in di- 
ameter x 25 cm in length, which activates first reac- 
tion gas such as Ar+0 2 gas introduced through a first 
reaction gas introducing pipe 8. Further, the first re- 
55 action gas introducing pipe B is connected to an upper 
part of the plasma generating portion 1. Besides, the 
first reaction gas introducing pipe 8 may also be ar- 
ranged so that a gas exhaust nozzle of the first reac- 
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tion gas introducing pipe 8 is positioned at the central 
part of the plasma generating portion 1 so as to intro- 
duce the reaction gas into the plasma generating por- 
tion 1. 

2 represents an external antenna fitted around 5 
the plasma generating portion 1. Two ring-shaped 
conductors run around the peripheral portions of the 
upper part and the lower part of the cylindrical plasma 
generating portion 1 at a predetermined space. The 
space between two ring-shaped conductors is impor- 10 
tant for adjusting a wave number of a helicon wave, 

i.e., plasma density. An example of the configuration 
of the external antenna 2 is shown in FIG. 2. In this 
case, RF currents are made to pass in two ring- 
shaped conductors in opposite directions, respective- 15 
ly, thus forming a helicon wave in a zero mode. Be- 
sides, it is also possible to form a helicon wave in a 
higher-order mode by changing the configuration of 
the external antenna. 

3 represents a matching network connected to 20 
the external antenna 2, and 4 represents an RF power 
source for supplying RF power having a frequency of 
13.56 MHz to the external antenna 2 through the 
matching network 3. The RF power serves as an en- 
ergy source for generating plasma. 25 

5 represents a cylindrical inner source solenoid 
provided around the plasma generating portion 1, 6 
represents a cylindrical outer source solenoid provid- 
ed around the inner source solenoid 5, and the inner 
source solenoid 5 and the outer source solenoid 6 30 
form a magnetic field in an axial direction in the plas- 
ma generating portion 1 . Such a magnetic field forms 
a helicon wave, and is deemed necessary for adjust- 
ing the plasma density. 

The foregoing describes an apparatus structure 35 
of the plasma generating portion 1 and the peripheral 
portion thereof required for generating plasma of high 
density (lO^cnr 3 or higher) in a helicon mode, but, in 
particular, the RF power, the magnetic field and the 
space between two ring-shaped conductors of the ex- 40 
ternal antenna 2 described above present important 
parameters for generating plasma. 

7 represents a film-forming portion (a processing 
portion) that is partitioned from the outside by means 
of a cylindrical chamber 7a of 30 cm indiameterx22.5 45 
cm in length connected to the downstream of the plas- 
ma generating chamber 1 , bellows 72 to be free in ex- 
pansion and contraction, and a seal portion 7c. 

The plasma in a helicon mode composed of the 
first reaction gas generated in the plasma generating so 
portion 1 is supplied into the film-forming portion 7, 
and second reaction gas such as SiH 4 gas is also in- 
troduced into the film-forming portion 7 through a 
second reaction gas introducing pipe 9. 

The second reaction gas introducing pipe 9 has 55 
a gas discharge portion 9a composed of a ring- 
shaped quartz pipe approximately 20 cm in diameter, 
and a plurality of gas discharge holes for discharging 



reaction gas onto a wafer 20 are formed in the quartz 
pipe. The second reaction gas introducing pipe 9 is 
arranged above the wafer 20 at a predetermined dis- 
tance. 

Further, the film-forming portion 7 has a double 
structure composed of a chamber 7a and a protective 
wall 7b. The detailed structure thereof will be descri- 
bed hereunder. 

10 represents a chamber solenoid composed of 
a cylindrical permanent magnet provided around the 
film-forming portion 7, and it Is made possible to ap- 
ply an appropriate magnetic field to the film-forming 
portion 7. With this, the plasma is introduced into the 
film-forming portion 7 from the plasma generating 
portion 1, and the flowing configuration of the plasma 
is adjusted. 

11 represents an exhaust port to which an ex- 
haust unit is connected for exhausting disused and 
used reaction gas and for reducing pressure in the 
plasma generating portion 1 and the film-forming por- 
tion 7. The exhaust port 11 is provided in the film- 
forming portion 7. 

12 represents a wafer holder (a substrate holder) 
provided in the lower part of the film-forming portion 
7 for placing the wafer 20 thereon, and an electrostat- 
ic chuck for fixing the wafer 20 electrostatic-ally by 
applying voltage and a heater for heating the wafer 20 
are contained in a common insulating base sub- 
stance. Further, the wafer holder is made to move up 
and down by means of an elevating mechanism 12a. 
The detailed structure of the wafer holder 12 will be 
described hereunder. 

Next, the elevating mechanism 12a of the wafer 
holder 12 will be described with reference to FIG. 4. 

In FIG. 4, 41 represents a ball screw for support- 
ing a support plate 12b through a bearing support 42, 
and a tooth spirally running around a shaft is formed 
on the ball screw 41 . Further, 43 represents a ball nut 
provided on a fixed plate 12c, which is engaged with 
the tooth of the ball screw 41 so as to support the ball 
screw 41 by the tooth spirally running around on the 
inner wall of a hole through which the ball screw 41 is 
inserted. The bail screw 41 moves up and down by ro- 
tating the ball screw 41. 

44 represents a 5-phase stepping motor connect- 
ed to the ball screw 41 through a helical coupling 45. 
The helical coupling 45 transmits the torque of the 
stepping motor 44 to the ball screw 41 by means of 
two helical gears. 

The ball screw41 is rotated by the stepping motor 
44, thereby to move the wafer holder 1 2 up and down 
through the support plate 12b and an RF electrode 
15. At this time, the bellows 72 provided between the 
chamber 7a and the seal portion 7c expand and con- 
tract, thus obtaining the inside of the film-forming por- 
tion 7 in a reduced pressure state. 

15 represents an RF electrode provided in con- 
tact with the wafer holder 12 under the wafer holder 
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12, and an RF power source 14 for supplying electric 
power having a frequency of 13.56 MHz or 100 KHz 
is connected through a matching network 13. By ap- 
plying electric power having a frequency of 13.56 
MHz or 100 KHz to the wafer 20, negative self-bias 5 
D.C. voltage is applied to the wafer 20, thus optimiz- 
ing the film quality such as the density and the stress 
of the formed film. 

16 represents a wafer lift pin, which moves 
through the RF electrode 15 and a through hole of the w 
wafer holder 12 by elevating means 16a, and pushes 
the wafer 20 up, thereby to pull apart the wafer 20 
from the placing surface of the wafer holder 12. Then, 
the pulled apart wafer 20 is held by a wafer conveyor 
or the like not shown and taken out of a wafer carry- 15 
ing-in/carrying-out port 17. 

1B represents a chamber lift (elevating means) 
for supporting a flange 11a of the exhaust port 11, 
moving the chamber 7a of the film-forming portion 7 
upward through the flange 11a and pulling down the 20 
chamber 7a that has moved upward to the original 
position. Besides, although the chamber lift 18 is 
shown on one side only in the figure, it is also provid- 
ed on another side normally for the purpose of sup- 
porting the chamber 7a in a balanced manner. The de- 25 
tailed structure thereof will be described hereunder. 

50 represents a floor on which the chamber lift 1 8 
and the CVD apparatus are installed. 

According to a CVD apparatus related to the em- 
bodiment of the present invention, since the wafer 30 
holder 12 containing a heater and an electrostatic 
chuck inside is provided, it is possible to form a film 
on the wafer 20 in a reduced pressure, and mounting 
and demount-ing of the wafer are made easily. Fur- 
ther, it is possible to aim at power saving and improve- 35 
ment of the throughput. 

(B) Description of details of wafer holder according 
to an embodiment of the present invention 

40 

FIG. 3A shows details of the wafer holder 12 ac- 
cording to an embodiment of the present invention. 
The upper figure is a sectional view taken along a line 
A-A in a plan view thereunder. 

In FIG. 3A, 21 represents a base substance com- 45 
posed of disc-shaped alumina ceramics or SiC, 22 
represents an electrode for an electrostatic chuck 
buried in a planar form in the upper layer portion of the 
base substance 21 , and it is possible to use tungsten 
(W), molybdenum (Mo) or platinum (Pt) as the mate- so 
rial of the electrode 22. 23 represents a heater coil 
(heating means) separated electrically from the elec- 
trode 22 and buried in the base substance 21 under 
the electrode 22, 24 represents a via hole provided in 
the base substance 21 for taking out a lead wire 25 55 
connected to the electrode 22 from under the wafer 
holder 12, and 26a and 26b represent via holes pro- 
vided in the base substance 21 for taking out lead 



wires 27a and 27b connected to the heater coil 23 
from under the wafer holder 12. 

The structure of the electrode 22 of the electro- 
static chuck includes, for example, a single pole type 
composed of one electrode as shown in FIG. 3A and 
a bipolar type composed of mutually separated two 
electrodes as shown in FIG. 3B. 

In FIG. 3B, the upper figure shows a sectional 
view taken along a line B-B in a plan view thereunder. 
In FIG. 3B, those shown with the same reference nu- 
merals in FIG. 3A show the same articles as those 
shown in FIG. 3A, and other reference numerals 24a 
and 24b represent via holes provided in the base sub- 
stance 21 for taking out lead wires 25a and 25b con- 
nected to electrodes 22a and 22b of the electrostatic 
chuck, respectively, from under the wafer holder 12. 

Next, the operation of the electrostatic chuck 
having a single pole type electrode shown in FIG. 3A 
and the heater will be described. 

First, the wafer 20 on which a film is to be formed 
is placed on the placing surface of the wafer holder 
12. Then, the elevating mechanism 12a is operated 
so as to move the RF electrode 1 5 upward, and an ap- 
propriate space is maintained between the wafer 
holder 1 2 and the gas discharge portion 9a of the sec- 
ond reaction gas introducing pipe 9. 

Then, D.C. voltage at 750 V for instance is ap- 
plied to the electrode 22 of the electrostatic chuck 
through the lead wire 25. Since positive charges are 
supplied to the electrode 22 of the electrostatic chuck 
with the above, negative charges are induced on the 
wafer 20 by means of electrostatic induction. As a re- 
sult, the wafer 20 is attracted toward the electrode 22 
by coulombic attraction and fixed there. 

Further, A.C. power including voltage component 
of approximately 220 V for instance is applied to the 
heater coil 23 through the lead wires 27a and 27b. 
Heat is generated in the heater coil 23 by the supply 
of electric power, and conducted in the base sub- 
stance 21 by thermal conduction so as to heat the wa- 
fer 20. 

For example, it requires approximately two hours 
until the temperature rises from the room tempera- 
ture to 450 P C and is stabilized, and It requires approx- 
imately one hour until the temperature falls from 
450°C to the room temperature. The time required for 
temperature rise is shortened by a large margin as 
compared with that in the past. 

When the temperature is stabilized, film- 
formation is commenced. 

Thereafter, when film-formation is completed 
and the wafer 20 is taken out, supply of electric power 
to the heater coil 23 is kept as it is, and application of 
voltage to the electrostatic chuck is suspended, and 
electrostatic attraction is released, and the wafer 20 
is pushed upward by means of the wafer lift pin 16 
thereafter. Since the wafer 20 Is separated from the 
wafer holder 12 with the foregoing, the wafer 20 is 
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held by a wafer conveyor or the like and is carried out 
through the wafer carry ing-in/carrying-out port 17. In 
case of necessity, supply of electric power to the hea- 
ter coil 23 may be suspended. 

As described above, the electrode 22 of the elec- 
trostatic chuck and the heater coil 23 are buried in an 
insulator in the wafer holder according to an embodi- 
ment of the present invention. Therefore, the wafer 20 
and the heater coil 23 have only the ceramics of the 
wafer holder 1 2 or the electrode 22 for the electrostat- 
ic chuck therebetween. Since the thermal capacity of 
ceramics and the electrode 22 for the electrostatic 
chuck is small, it is possible to reduce power con- 
sumption for heating the wafer 20 and to change the 
temperature of the wafer 20 in a short period of time 
and stabilize the temperature. 

Further, an electrostatic chuck being employed, 
it can be used even when a film is formed on the wafer 
20 in a reduced pressure, being different from a va- 
cuum chuck. Furthermore, the wafer is damaged or 
the holding marks are left on the wafer surface when 
the wafer is f ixed with something like clip in the mech- 
anical chuck, while a use of an electrostatic chuck 
prevent it. Further, mounting and demounting of the 
wafer 20 can be made more easily as compared with 
a mechanical chuck. 

(C) Description of details of film-forming portion 
according to an embodiment of the present 
invention 

In FIG. 1A, the film-forming portion 7 is parti- 
tioned from the outside with the chamber 7a com- 
posed of quartz or a metal such as aluminum, and it 
is possible to reduce the pressure in the film-forming 
portion 7. Namely, the RF electrode 15 on which the 
wafer holder 1 2 is placed is provided in the lower part 
of the film-forming portion 7, and a hook-shaped seal 
portion 1 5a formed as one body with the RF electrode 
15 and a seal portion 7c formed in the lower part of 
the chamber 7a are joined together through an insu- 
lator, thereby to seal the film-forming portion 7 her- 
metically. Furthermore, the bellows 72 being free in 
expansion and contraction are provided between the 
chamber 7a and the seal portion 7c. With this, even 
when the wafer holder 12 is moved up and down, the 
bellows 72 expand and contract, thus making it pos- 
sible to maintain the inside of the film-forming portion 
7 in a reduced pressure state. 

Further, a cylindrical protective wall 7b is provid- 
ed along the inner wall of the chamber 7a. The upper 
part of the cylinder communicates with the plasma 
generating chamber 1, and the lower part of the cy- 
linder mounts on the seal portion 7c of the chamber 
7a. Quartz is used as the material of the protective 
wall 7b, but alumina that is excellent in etching-proof 
performance may be used when etching gas Is used 
as the reaction gas. 



Furthermore, it is possible to remove the protec- 
tive wall 7b separately from the chamber 7a. In case 
of necessity, it is possible to replace the wall 7b with 
a new protective wall. Further, the protective wall 7b 

5 is separated into an upper protective wall 71a and a 
lower protective wall 71b, and is formed of quartz or 
the like having different diameters. For example, the 
outside diameter of the upper protective wall 71a is 
smaller than the inside diameter of the lower protec- 

10 tive wall 71b, a portion where these walls overlap 
each other slightly in a state that the wafer holder 12 
is lowered to the maximum is produced, and these 
walls are set so that the overlapped portions lie one 
upon another. With this, when the wafer holder 12 is 

15 moved up and down together with the RF electrode 
15, they move up and down in an overlapped state in 
accordance with the movement of the RF electrode 
15. Furthermore, the upper protective wall 71a is en- 
gaged with the chamber 7a, and moves up and down, 

20 when the chamber 7a is moved up and down with the 
movement Further, openings are provided in the pro- 
tective wall 7b at locations corresponding to the in- 
serting port of the second reaction gas introducing 
pipe 9, the exhaust port 11 and the wafer carrying- 

25 in/carrying -out port 17 of the chamber 7a. 

This protective wall 7b prevents reaction prod- 
ucts produced by the reaction of the reaction gas 
from adhering to the inner wall of the chamber 7a. 
Namely, the reaction products adhere to the inner 

so wall of the protective wall 7b. 

When the protective wall 7b is cleaned, the pres- 
sure inside of the film-forming portion 7 is returned to 
the atmospheric pressure and the second reaction 
gas introducing pipe 9 is removed, and thereafter, the 

35 chamber 7a is moved upward by means of the cham- 
ber lift 18 and the upper protective wall 71a and the 
lower protective wall 71b are taken out as shown in 
FIG. 5. The taken-out upper protective wall 71a and 
lower protective wall 71 b are cleaned so as to remove 

40 the reaction products that have adhered to the inner 
wall or the outer wall of the upper protective wall 71a 
and the lower protective wall 71b. 

It is possible to further continue to form a film in 
the CVD apparatus by setting another protective wall 

45 in place of the taken-out protective wall 7b. With this, 
it is not required to suspend the CVD apparatus over 
a long period of time for cleaning the inside of the film- 
forming chamber 7, thus making it possible to main- 
tain the throughput and to reduce labor and cost re- 

so quired for maintenance. 

Besides, when occasion demands, it is also pos- 
sible to perform in-situ cleaning in which etching gas 
is introduced into the film-forming chamber 7 so as to 
etch the reaction products and remove them without 

55 taking out the protective walls 71a and 71b. Thus, it 
is possible to prevent the chamber 7a from being 
damaged by etching. Further, it is possible to accel- 
erate etching so as to increase the effect of the in-situ 
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cleaning by providing heating means around the 
chamber 7a and heating the protective walls 71a and 
71b during cleaning. 

Further, in order to increase the adhesive power 
of the reaction products to the protective walis 71a 5 
and 71b so that the reaction products that have ad- 
hered to the inner walls or the outer walls of the pro- 
tective walls 71a and 71 b do not peel off until replace- 
ment, unevenness may also be formed on the inner 
walls or the outer walls of the protective walls 71 a and 10 
71b so as to enlarge the contact area of the reaction 
products as shown in FIG. 1B. 

Furthermore, the protective wall 7b separated 
into the upper protective wall 71a and the lower pro- 
tective wall 71 b is used in the embodiment, but a wall 15 
formed in one body may also be used as the protec- 
tive wall 7b as shown in FIG. 6 when the wafer holder 
12 is not required to be moved up and down or when 
the wafer holder 12 is capable of moving up and down 
independently without involving the up and down 20 
movement of the RF electrode 15. 

(D) Description of details of a chamber lift 

according to the embodiment of the present 

invention 25 

FIG. 4 is a side view showing the details of a 
chamber lift according to an embodiment of the pres- 
ent invention. 

In FIG. 4, 31 represents a ball screw (a support 30 
shaft) for supporting a flange 11a of an exhaust port 
11 through a bearing support 32, and a tooth spirally 
running around the shaft is formed on the ball screw 
31. Further, 33 represents a bail nut (a supporting 
base substance) fitted to the seal portion 7c of the 35 
chamber 7a, which is engaged with the tooth of the 
ball screw 31 so as to support the bail screw 31 by the 
tooth spirally running around on the inner wall of a 
hole through which the ball screw 31 is inserted. The 
bail screw 31 moves up and down by rotating the ball 40 
screw 31. 

34 represents a 5-phase stepping motor (driving 
means) connected to the bail screw 31 through a hel- 
ical coupling 35. The helical coupling 35 transmits the 
torque of the stepping motor 34 to the ball screw 31 45 
with two helical gears engaged with each other. 

The ball screw 31 is rotated by means of the step- 
ping motor 34, thereby to move the chamber 7a of the 
film-forming chamber 7 up and down through the 
flange 11a of the exhaust port 11. so 

In particular, it is used when the heavy chamber 
7a is opened and closed for the purpose of replacing 
the protective wall 7b. 

Besides, the present invention is applied to the 
CVD apparatus in the above-mentioned embodi- 55 
ment, but the present invention is also applicable to 
the etching apparatus. 

Further, the wafer holder 12 is placed on the RF 



electrode 15 for biasing the wafer 20, but it may also 
be installed on one RF electrode among opposing RF 
electrodes for activating the reaction gas. 

(2) Description of a method of forming a film using 
a CVD apparatus according to an embodiment of 
the present invention 

Next, the operation of the above-mentioned CVD 
apparatus will be described briefly with reference to 
FIG. 1A. 

First, the wafer (substrate) 20 is placed on the 
wafer holder 1 2 and fixed electrostatically by the elec- 
trostatic chuck, and the pressure in the film-forming 
chamber 7 is reduced thereafter. Furthermore, as oc- 
casion demands, electric power is applied to the hea- 
ter coil 23 contained in the wafer holder 12 so as to 
heat the wafer 20, thus maintaining the wafer at a tem- 
perature at approximately 200 to 500°C. Further, 
electric power having a frequency of 13.56 MHz or 
100 KHz is supplied to the RF electrode 15, thereby 
to apply negative self-bias D.C. voltage to the wafer 
20 through the wafer holder 12. With this, the film 
quality such as the density and the stress of the 
formed film is optimized. 

Then, oxy en (OJ gas or mixed gas of 0 2 +Ar is 
introduced into the decompressed plasma generating 
chamber 1. Further, electric power having a frequen- 
cy of 13.56 MHz is supplied to the external antenna 
2 by means of the RF power source 4 through the 
matching network 3. With this, an RF current passing 
around the plasma generating chamber 1 is applied 
in two ring-shaped conductors of the external anten- 
na 2 in opposite directions, respectively, thereby to 
radiate an electromagnetic wave. Furthermore, an 
electric current is supplied to the inside source sole- 
noid 5 and the outside source solenoid 6 so as to gen- 
erate an axial magnetic field. 

With the foregoing, a helicon wave is excited, the 
oxygen gas in the plasma generating chamber 1 is ac- 
tivated, and plasma of high density (1 O^irr 3 or high- 
er) in a helicon mode is generated. 

The generated plasma moves to the decom- 
pressed film-forming chamber 7 in downstream by 
the magnetic field and activates SiH 4 gas supplied 
onto the wafer 20. With this, the activated SiH 4 gas re- 
acts on the oxygen plasma, and a silicon oxide film 
is accumulated on the wafer 20. 

According to the CVD apparatus described 
above, the external antenna 2 connected with the RF 
power source 4 or the like is provided, and the RF 
power having a frequency of 13.56 MHz is supplied, 
thereby to generate plasma. Thus, the equipment 
such as a waveguide required in the case of ECR 
method is not required, and the apparatus structure 
becomes simpler. Further, since it is possible to use 
a frequency lower than the frequency of 2.45 GHz in 
the case of ECR method, it is easy to generate high 
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frequency electric power. 

Further, since the first reaction gas introducing 
pipe 8 for introducing the oxygen gas and the second 
reaction gas introducing pipe 9 for introducing the 
SihU gas are separated from each other, the reaction 
between the reaction gases during supply is restrict- 
ed, and generation of particles is reduced. Provided 
that all of the gas may be introduced through the first 
reaction gas introducing pipe 8 if circumstances re- 
quire. 

As described above, the electrode 22 of the elec- 
trostatic chuck and the heating means 23 are formed 
in the common base substance 21 in the substrate 
holder according to the present invention. Further, 
this substrate holder 12 is provided in the reaction ap- 
paratus. 

Thus, only the base substance 21 of the sub- 
strate holder 12 or the electrode 22 of the electrostat- 
ic chuck lies between the held substrate 20 and the 
heating means 23. As a result, it is possible to reduce 
power consumption for heating the substrate, and to 
change the substrate temperature in a short period of 
time. 

Further, the processing portion 7 has a double 
structure composed of the chamber 7a and the pro- 
tective wall 7b, thus making it possible to take out the 
protective wall 7b separately from the chamber 7a 
and to replace it. 

Accordingly, when reaction products have ad- 
hered to the inner wall of the processing portion 7, the 
protective wall 7b is taken out by removing the cham- 
ber 7a, and the protective wall 7b is cleaned so as to 
remove the reaction products from the inner wall 
thereof. In this case, it is possible to continue process- 
ing in the manufacturing apparatus during cleaning of 
the protective wall mentioned previously by setting 
another protective wall in place of the taken-out pro- 
tective wall 7b. With this, it is not required to suspend 
the apparatus for many hours for cleaning the inside 
of the processing portion 7, thus making it possible to 
maintain the throughput and to reduce labor and cost 
required for maintenance. 



Claims 

1. A substrate holder (12) characterized in that an 
electrode (22) for attracting a substrate (20) elec- 
trostatically and heating means (23) for heating 
said substrate (20) are formed in a common base 
substance (21). 

2. A reaction apparatus provided with a substrate 
holder (12) according to Claim 1 in a processing 
portion (7) for processing said substrate (20) with 
processing gas, said processing portion (7) being 
partitioned from the outside by a chamber (7a). 



3. A reaction apparatus according to Claim 2, 
wherein said processing portion (7) includes a 
protective wall (7b) lying between said chamber 
(7a) and said substrate holder (12) for protecting 

5 the inner wall of said chamber (7a) against adhe- 

sion of reaction products. 

4. A reaction apparatus according to Claim 3, 
wherein said protective wall (7b) is removable. 

10 

5. A reaction apparatus according to Claim 3, 
wherein said protective wall (7b) is separated into 
an upper protective wall (71a) and a lower protec- 
tive wall (71b), and said upper protective wall 

15 (71 a) and said lower protective wall (71 b) can be 

moved up and down independently in a state that 
a part of each of them lies one upon another. 

6. A reaction apparatus according to Claim 3, 
20 wherein unevenness is formed on the inner sur- 
face of said protective wall (7b). 

7. A reaction apparatus according to Claim 2, fur- 
ther comprising elevating means (18) for moving 

25 said chamber (7a) upward and pulling down to an 

original position said chamber (7a) that has been 
moved upward. 

8. A reaction apparatus comprising a processing 
30 portion (7) for processing a substrate (20) with 

processing gas and a substrate holder (12) for 
holding said substrate (20), wherein said proc- 
essing portion (7) includes: 

a chamber (7a) for partitioning between 

35 the outside and the inside of said processing por- 

tion (7); and 

a protective wall (7b) lying between said 
chamber (7a) and said substrate holder (12) for 
protecting the inner wall of said chamber (7a) 

40 against adhesion of reaction products. 

9. A reaction apparatus according to Claim 8, 
wherein said protective wail (7b) is removable. 

45 10. A reaction apparatus according to Claim 8, 
wherein said protective wall (7b) is separated into 
an upper protective wall (71a) and a lower protec- 
tive wall (71b), and said upper protective wall 
(71a) and said lower protective wall (71b) can be 

so moved up and down independently in a state that 

each of them lies one upon another. 

11. A reaction apparatus according to Claim 8, 
wherein unevenness is formed on the inner sur- 

55 face of said protective wall (7b). 

12. A reaction apparatus according to Claim 8, fur- 
ther comprising elevating means (18) for moving 
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said chamber (7a) upward and pulling down to an 
original position said chamber (7a) that has been 
moved upward. 

13. A reaction apparatus according to Claim 7 or 5 
Claim 12, wherein said elevating means (18) in- 
cludes: 

a support shaft (31) for supporting said 
chamber (7a) f on which a tooth spirally running 
around the axis is formed; 1 o 

a support base substance (7c) for support- 
ing said support shaft (31) inserted in a hole 
formed in said support base substance (33), said 
hole having a tooth spirally running around the 
axis on an inner wall thereof, said tooth being en- 1 5 
gaged with the tooth of said support shaft (31); 
and 

driving means (34) for rotating said sup- 
port shaft (31). 

20 

14. A reaction apparatus according to Claim 2 or 
Claim 8, wherein said substrate holder (12) is 
provided on an electrode (1 5) for applying an A.C. 
electric signal for activating said processing gas 

or biasing said held substrate (20) 25 

15. A reaction apparatus according to Claim 2 or 
Claim 8, wherein said reaction apparatus is a 
CVD apparatus using plasma in a helicon mode. 

30 
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